Introduction
Peripheral T cells in rats differ in their expression of the membrane determinants CD4, CD8, QCA-1, CD45R, RT6 and Thy-1 [l-51. So combining these markers makes it possible to identify a large number of phenotypically different subsets of peripheral T cells. The lineage relationships between these subsets are unknown.
The presence or absence of CD4, CD8, CD45R or RT6 expression have been associated with differences in T cell functions (for references see [6] ). So far, this has not been found for QCA-1 and Thy-1. Besides indicating differences in function, some of these determinants (i.e. CD45R, RT6 and Thy-1) have been proposed to mark different T cell lineages or different stages of maturation [5, 7, 81. Relating to this subject numerous studies have been performed with CD45R. So far however, they have generated rather confusing and conflicting data. Some authors claim that the loss of CD45R is a uni-directional event and marks a subset of memory cells that has been developed from a population of naive CD45R+ T cells after activation by antigen [9] . Others suggest that the expression of CD45R is bi-directional, and that this marker identifies T cells that exist transiently in different functional or activated stages [lo, 111. A similar situation exists for Thy-1 and RT6, for which it is also still not clear whether cells expressing these markers represent different T cell lineages and/or different functions, and whether gaining or losing these markers are uni-directional maturation effects, or just reflect temporary stages of activation [8] .
Theoretically, based on the different possibilities of the presence or absence of Thy-I, RT6 and CD45R expression on T cells, eight different subsets can be created. This number is increased to 27 when the level of expression intensity (i.e. dull or bright) is taken into account also. In previous experiments [6] we have shown that at least 11 of these latter possibilities exist in the peripheral Abbreviations used: FITC, fluorescein isothiocyanate; mab, monoclonal antibody; FACS, fluorescence-activated cell sorter; RTM, recent thymic migrants; CPT, common peripheral T cells; PTP, post-thymic T cell precursor, R-PE, R-phycoerythrin. $To whom correspondence should be addressed. lymphoid organs. T o establish the relationships between these 11 different subsets we used the method of vascular thymus transplantation in RT7 congenic rats [12] , and followed the phenotypic changes of donor thymic emigrants during their sojourn in the lymphoid organs. Based on these, and additional short-time thymectomy experiments, a putative pathway of post-thymic T cell development was postulated [6] .
In this article we will propose a similar but more simplified diagram of post-thymic T cell development, and will provide some additional data which further strengthens the validity of our hypothesis on the relationships of the different T cell
subsets. In addition, we will provide data, suggesting that (i) RT6+/CD45R+ T cells have not yet experienced activation by antigens, (ii) the loss of CD45R is not irreversible, and (iii) resting memory T cells have the RT6+/CD45R+ phenotype.
Materials and methods

Experiment I
Using standard labelling procedures [6] , spleen cells of two specific pathogen free (SPF) 13 Table 1 .
Experiment I1
Spleen cells and Peyer's patches cells (pooled from four patches from each rat) obtained from two SPF 13-week-old male PVG rates were labelled as in experiment I. Analysis of the cells was as in experiment I, but cells were now only checked for the presence or absence (and not the intensity) of labelling.
Experiment 111
Cervical lymph node cells (pooled from four nodes from each rat) were obtained from two 112-weekold male PVG rats. These rats were kept under SPF conditions for the first 8 weeks of life, whereafter they were thymectomized and kept under conventional conditions. Cells were labelled with the same monoclonal antibody (mab) combinations as mentioned in experiment I, but instead of using FITC-conjugated antibodies, now non-conjugated mabs were used in combination with isotypespecific second-stage reagents [6] . This method gives a stronger fluorescence signal, which makes it easier to define the difference between negative and weakly positive stained cells. This was especially important for this experiment, because large numbers of cells lacking Thy-1, RT6 and/or CD45R expression were expected. Pilot experiments had shown that the results of these two staining methods did not differ from each other when used for T-cell-subset analysis in young adult rats. Analysis of the cells was as in experiment 11.
Results and discussion
T-cell-subset analysis by FACS supports our hypothesis
Our hypothesis on post-thymic T cell development was based on labelling studies using immunofluorescence microscopy. With this method 11 different T cell subsets were identified ( [6] , Table 1 ). However, counting cells under a microscope may not be very accurate, because the number of cells that can be checked is rather limited and the judgement of whether a cell has a bright or dull labelling has to be done by the eye. Therefore we preferred to conduct our experiments on T cell development using FACS analysis. However, before doing so we needed to repeat the previous experiment to see whether the FACS data were comparable with the microscope data, and our hypothesis still holds despite changing the method.
The results of experiment I (Table 1) show that all subsets identified by microscopy were also found by FACS analysis, and that no major differences in the percentages were found. With FACS analysis four additional 'new' subsets could be identified. Their respective percentages, however, were less than 2% and therefore around the limits of the accuracy of our present method for FACS analysis. But even when they really exist, their presence does not interfere with the validity of our hypothesis.
The hypothesis of post-thymic T cell development in a more simplified form
The large number of different T cell subsets makes it very complicated to unravel further the process of T cell development. From our previous experiments [6] it has become clear that distinguishing dull from bright labelled cells is not essential. Although their presence in the diagram of postthymic T cell development gives a certain refinement, they do not seem to be necessary for understanding the important steps in the pathway of post-thymic T cell development. All the different T cell subsets mentioned in Table 1 can be accommodated within the following five main subsets: Thy-1 +/RT6-"'+/CD45R-, Thy-1 -/RT6+/CD45R+, Thy-1 -/RT6+/CD45R-, Thy-1 -/RT6-/CD45R+ and Thy-1 -/RT6-/CD45R-. Using our previous hypothesis, the relationships between these main subsets can be drawn as shown in Fig. 1 . The validity of this hypothesis will be tested in the next experiments (I1 and 111). 
Thy-I
thymic T cell development
One way of explaining the differences between the percentages of the main T cell subsets, is to assume that the time it takes for a T cell to develop into the next stage is different for each transition. This is, for instance, also suggested by our previous experiment, where it was shown that it takes RTMs a minimum of 1-3 days to lose the Thy-1 antigen and
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Biochemical Society Transactions Indicated are the different T-cell subsets found in the spleen of 13-week-old male PVG rats and their percentages of the total number of T cells. Similar percentages were found in cervical lymph nodes, TDL and blood ( [6] and unpublished observations). The figure shows that all T cells pass a stage in which they still express the Thy-I antigen [some of them start already to express RT6 (not shown, see Table 2 )] after leaving the thymus. These early stage T cells are the so called RTMs. Furthermore, it shows that all RTM develop into a subset of T cells that expresses both CWSR(C) and RT6, but not Thy-I anymore. From this latter subset (so called CPT, because the vast majority of T cells in spleen, lymph nodes, blood and TDL from adult rats have this phenotype) two separate lineages of T cells originate. The end-stages of these lineages, as identified in aged thymectomized rats, are respectively T cells that neither express RT6 nor CD4SR, and T cells that only express CD45R. The RT6-/CD45R-end-stage T cells are likely to originate from intermediate stages that only express RT6 [6] . Which process is responsible for the development into and within this latter lineage is unknown, as are the functions of these cells. Recent experiments of Mason et a/. (188-190) however, have suggested that in this lineage T-suppressor cells are generated. Since memory T cells are end-stages in T-cell development, and resting memory T cells are known to express CD4SR, it is likely that the RT6-/CD45R+ end-stage T cells of the second lineage are in fact memory T cells. Memory T cells are generated from CPT after antigen activation. From the studies of Peyer's patches T cells it is clear that these intermediate-stage, antigen-activated and effector T cells express neither CD45R nor RT6. From the thymectomized aged rats it could be concluded that CPTs have self-renewal capacities. According to Stutman's view [IS] , this would mean that post-thymic precursor T cells (PTPs) are among these CPTs. It is likely that during proliferation these PTPs do not express CD45R or RT6. Whether under normal (i.e. non-thymectomized) circumstances the pool of proliferating PTPs is partly also originating from resting cells with PTP capacity (i) in the pool of RTM or even, (ii) from a separate lineage, can not be excluded at present (indicated by dotted arrows). Note that with these phenotypic markers no distinction can be made between proliferating PTPs, activated, effector and end-stage RT6-/CD45R-T cells. Since the number of PTPs is negligible [ 151, the total amount of 6% found for this RT6-/CD45R-phenotype in the spleen of 13-week-old PVG rats (Table 2) to become CPTs, and another 70 days to reach the intermediate and end-stages [6] . Another way of explaining this, which we favour, is that all RTMs 'automatically' and quickly develop into CPTs (as a kind of a last maturation step for thymocytes), but that CPTs have to wait for a certain trigger (e.g. antigen recognition) before they develop into the next stages. It might even be that when CPTs do not receive such a trigger within a certain period of time, they do not survive in the periphery (this may be part of the peripheral repertoire selection process as suggested by Stutman [15] Table 2 Comparison of the different T cell subsets in spleen and Peyer's patches from young adult rats, and lymph nodes from aged thymectomized rats were not present anymore, (iii) the % of T cells with 3G2 labelling was severely decreased, (iv) whereas the % of OX-22-labelled T cells was close t o normal. In addition, cells were triple labelled with OX-19, ER4 and OX-22. T cells expressing both ER4 and OX-22 were not found in any of the cell suspensions. From these results, six different T cell subsets could be identified. Using a similar calculation procedure mentioned in Table   I , the mean % ( f s.D.) of each of these T cell subsets could be established. Note that the decrease of Thy-I -/RT6+/CD45R+ in Peyer's patches is accompanied by a strong increase in the % of Thy-I -/RT6-/CD45R-T cells, whereas in aged thymectomized rats this decrease is accompanied by strong increases in both the % of Thy-l-/RT6-/ CD45R' and Thy-I -/RT6-/CD45R-T cells. Abbreviation: Tx, thymectomy. If we assume that the number of T cells in the peripheral T cell pool is maintained by PTPs, and the unexpected large number of remaining CPTs after thymectomy is a result from a self-renewing capacity in this latter subset, then PTP activity must be among cells with a CPT phenotype. In the absence of thymic output one might expect that a substantial part of these PTPs are proliferating. From the results of experiment I1 (see later) one can expect that proliferating T cells lack both RT6 and CD45R. In conclusion, our results suggest that active PTPs are RT6-/CD45R-and resting PTPs RT6+/CD45R+. This also fits nicely with the work of Sparshott et al. [lo] , who showed that potential PTP capacity is present in both CD45R+ and CD45R-cell subsets. Whether PTP activity can also be found among cells of the other T cell subsets can not be excluded from these experiments. In contrast with spleen, Peyer's patches contain large numbers of (gut) antigen-activated T cells. [7, 9, 201 . These findings also show that the loss of CD45R is reversible (at least for the memory T cell lineage), and that the presence or absence of CD45R may only indicate whether a T cell is respectively resting or activated.
Conclusions and future experiments
The above experiments have further strengthened our hypothesis on post-thymic T cell development (Fig. 1) . Other experiments, in which T cell subsets are sorted, given to congenic (nude) rats and checked for changes in their phenotype [ 10, 1 13 , are needed to formally prove the proposed relationships.
So far our hypothesis is based on data from the total population of T cells. Whether the T-celldevelopment pathways are different within the CD4+ resp. CD8' T cell subsets is the subject of our present studies. . This marker might therefore be a useful tool to discriminate RT6-/CD45R-end-stages from the other subsets. PTPs are thought to be mainly present in the spleen, and in such low numbers [ 151 that they are unlikely to interfere with phenotypic studies on antigen-activated T cells.
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Pilot studies have shown that our results in thymectomized rats do not differ from euthymic 2.5-year-old rats. This not only shows that aged thymi do not produce RTM in traceable numbers anymore, but also that the presence or absence of thymic hormones does not seem to be of importance in regulating the pathway of post-thymic 'r cell development. Furthermore, it suggests that a large population of T cells in aged rats are already antigen experienced, and that the remaining (and during aging continuously further declining number of) non-experienced T cells are derived from a small population of PTPs, which have a fixed repertoire. Owing to the absence of input from thymicderived 'fresh' repertoire, holes in the peripheral T cell repertoire will develop and aged rats might encounter new antigens for which highly specific T cell receptors are not available anymore. This situation might be responsible for part of the impairment of immune functions found in aging immune systems.
